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1) Development of a simple and practical method for estimating the liquid absorption of 
pharmaceutical porous materials using a capillary rise technique. 
T. Oba, K. Tahara, Y. Kato, R. Sonoda, Y. Kawashima, H. Takeuchi 
Advanced Powder Technology; 29 (2018) 3210‒3219. 
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第 1 章 多孔性物質の細孔内評価方法の確立 
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Pore size  
(nm)* 






 RE (FR) 29.9 152.9 152 2.5 
Neusilin
®
 US2 (Neu) 92.9 284.3 5 2.2 
Sylysia
®
 320 (Syl) 3.2* 261.5 21 2.2 
*cited from manufacturer’s catalog 
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Water 0.89 72.3 0.99 78.4 
Ethanol 1.20 24.1 0.79 25.3 
Dichloromethane 0.44 30.4 1.33 8.9 
Glycerin 924.7 65.2 1.26 46.5 
Acetone  0.32 26.3 0.78 21.0 
Hexane 0.31 20.4 0.68 1.9 
Chloroform 0.56 29.9 1.53 4.8 
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第 2 項 接触角測定（液滴法）による評価 
始めに、各種多孔性物質の濡れ性を評価するため、液滴法により接触角を測定した。測定する
固体表面の粗さは接触角に影響するため、可能な限り平滑であることが望ましい35）。多孔性物質
の粉末を圧縮した平滑表面をSEMで観察した結果、圧縮品表面は平滑であった（Fig. 1-2, a)‒c) ）。
一方、無孔性のケイ酸カルシウムを圧縮した試料の表面は粗かったことから（Fig. 1-2, d) ）、ケイ
酸カルシウム表面に対する接触角の測定にはFR圧縮品を用いることとした。 
 























Table 1-3 Contact angles for the compressed porous carriers using the sessile drop method   
(mean ± S.D., n = 3). 
Sample Mean contact angle (°) and cosθ in parentheses 
Water Ethanol Dichloromethane Glycerin 
FR 24.41 ± 3.29 
(0.91 ± 0.02) 
17.99 ± 0.52 
(0.95 ± 0.00) 
17.72 ± 1.28 
(0.95 ± 0.01) 
69.60 ± 1.87 
(0.35 ± 0.03) 
Neusilin 22.58 ± 0.93 
(0.92 ± 0.01) 
19.99 ± 0.33 
(0.94 ± 0.00) 
17.00 ± 0.79 
(0.96 ± 0.00) 
63.28 ± 3.21 
(0.45 ± 0.05) 
Sylysia 25.64 ± 0.26 
(0.90 ± 0.00) 
22.25 ± 0.57 
(0.93 ± 0.00) 
20.92 ± 1.69 
(0.93 ± 0.01) 
71.19 ± 3.16 
(0.32 ± 0.05) 
 













Fig. 1-3 Schematic representation of the automated surface tension measurement system for the 
absorption experiment.  
 
 
Fig. 1-4 Comparison of the capillary rise kinetics of solvents and drug solutions for FR powder sample 
(each plot shows the mean, n = 3); (a) close symbol is diluted HCl; open symbol is 4% LVFX 
solution in diluted HCl. (b) close symbol is dichloromethane; open symbol is 10% LVFX 
solution in dichloromethane.  
(a) (b) 
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Fig. 1-5 The kinetics of the capillary rise of dichloromethane and drug/dichloromethane solutions in FR 
powder samples; (●) results of dichloromethane, (△) results of LVFX 10% in dichloromethane, 
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Fig. 1-6 Kinetics of the capillary rise of solvents for various powder samples (each plot shows the mean, 
n = 3); (A) Result of FR, (B) Result of P-CaSiO3, (C) Result of Neusilin, (D) Result of Sylysia. 
 
Table 1-4 Mean absorption amount (mL per 1 g of porous powder) of various bulk powder samples (mean, 
n = 3). 
Powder samples Absorption amount per 1g of porous powder 
Water Ethanol Dichloromethane Glycerin 
FR 7.96mL 7.47mL 7.19mL 7.39mL 
P-CaSiO3 0.89 mL 0.87 mL 0.94 mL 0.30 mL 
Neusilin 4.68 mL 4.38 mL 4.76 mL 5.07 mL 
Sylysia 6.08 mL 6.12 mL 5.95 mL 3.67 mL 
 
Table 1-5  Mean absorption time of various bulk powder samples (mean, n = 3). 
Powder samples Absorption time 
Water Ethanol Dichloromethane Glycerin 
FR 2.1 min 4.7 min 1.8 min 430.6 min 
P-CaSiO3 1.2 min 2.6 min 1.2 min ―* 
Neusilin 2.1 min 3.2 min 1.0 min 56.1 min 
Sylysia 7.9 min 11.5 min 4.2 min ―* 
*Absorption amount did not reach a plateau in the maximum measurement time (12 h). 
(A) (B) 
(C) (D) 




ロファイルの傾きからKを求めた（K from slope）。さらに、各種溶媒の物性［（表面張力 γ、粘度 η、









Table 1-6  K from the slope of the absorption kinetics, and K from the calculation using various 
parameters of the solvent and powder sample. 
 
Water Ethanol Dichloromethane Glycerin 
K from slope of  
absorption kinetics 
FR 0.0857 0.0160 0.1149 0.0004 
P-CaSiO3 0.0862 0.0127 0.1226 0.0018 
Neusilin 0.0489 0.0167 0.2669 0.0011 
Sylysia 0.0130 0.0060 0.0517 0.0001 
K from calculation FR 0.0791 0.0131 0.1180 0.0000 
P-CaSiO3 0.2292 0.0379 0.3418 0.0001 
Neusilin 0.1809 0.0291 0.2669 0.0001 
Sylysia 0.0350 0.0057 0.0517 0.0000 
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Fig. 1-7 Relationship between the K from the slope of the absorption kinetics and the K from the 
calculation using various parameters of the solvent and powder samples; (A): Result of FR, (B): 
Result of P-CaSiO3, (C): Result of Neusilin, (D) Result of Sylysia. 
 























Water Ethanol Dichlorom 
ethane 
Glycerin Acetone Hexane Chloroform 
FR 0.094 0.011 0.223 0.001 0.052 0.023 0.411 
Neusilin 0.052 0.011 0.503 0.002 0.052 0.026 0.501 
























Table 1-8 Viscosity, surface tension and density of glycerin solution in various concentrations. 
Sample Viscosity (mPa・s) Surface tension (mN/m) Density(g/cm3) 
Water 0.89 72.3 0.998 
20% glycerin 1.45 71.4 1.049 
40% glycerin 3.07 69.9 1.102 
60% glycerin 8.70 68.2 1.156 
80% glycerin 44.97 66.4 1.211 
100% glycerin 913.4 65.2 1.268 
 
 
Fig. 1-8 Relationship between the permeation rate and viscosity in the FR absorption experiment using 
various concentrations of glycerin (closed circle: permeation rate; open circle: inverse viscosity) 

































Fig. 1-9 The expected relationships among tablet volume, absorption amount, and the inner condition of 
the tablet in the absorption experiment using compressed powder samples. 
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た。さらに、錠剤の調製に用いた0.08 gのFRの理論最小体積をFRの真密度（2.5g / cm3）から算出
し、回帰直線から求めたその時の吸液量は粒子間空隙を0とみなした時の吸液量、すなわち吸液に
利用可能な粒子内細孔容積を示すと考えられた。 





Tablet weight (g) Intra pore diameter 
(nm) 




Inter pore Diameter 
(nm) 
0.59 0.08 197.05 3.9184 7699.3 
0.51 0.08 190.02 3.8157 5818.8 
0.34 0.08 146.26 2.8318 2126.3 
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Fig. 1-10 The relationship between the FR tablet volume and the volume of water absorbed from the 
absorption experiment using compressed FR samples of different volumes; (A) an exploratory 
plot in the measured range (each data point represents value from one replicate), (B) a plot in the 
range from 0.40 to 1.00 cm
3
 tablet volumes with the regression line (each data point represents 
the mean value ± SD from between one and three replicates per data point). 
 
 
Fig. 1-11 Procedure to calculate available intra-particle volume for liquid absorption 
1) Calculate the theoretical minimum tablet volume: 
 true density of FR is 2.5 g/cm3 and weight of FR tablet is 0.08 g. The theoretical minimum 
volume of the FR tablet is 0.08/2.5 = 0.032 cm
3
 
2) Substitute the theoretical minimum volume of the tablet for the equation of the regression line to 
calculate the volume of the intra-particle pore. 




























Fig. 1-12 The relationship between Neusilin/Sylysia tablet volume and the volume of water absorbed 
from the absorption experiment using compressed powder samples of different volumes (each 
plot shows the mean value ± SD from 1 to 3 replicates per sample; (A) result of Neusilin study, 
(B) result of Sylysia study. 
(A) (B) 
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第 2 章 細孔内評価結果を適用した薬物担体としての多孔性粒子の評価 
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Fig. 2-1 Images of BB solution absorbed FR before and after drying with/without vacuum. 
 





Before drying After drying under vacuum After drying without vacuum 





Fig. 2-2 Images of BB ethanol solution absorbed FR before and after drying with/without vacuum. 
 
















Before drying After drying under vacuum After drying without vacuum 
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FP-83 solution (100%) 420.7 40.37 1.17 
FP-83 solution (75%) 11.09 27.03 1.05 
FP-83 solution (50%) 2.987 24.64 0.95 
 
 
Fig. 2-3 SEM photos of FP-83 absorbed FR [ a) added 100% FP-83 , b) added FP-83 solution (75%),  







製した。用いた薬液濃度及び添加量をTable 2-2に、調製した粒子のSEM像をFig. 2-4、Fig. 2-5及び
Fig. 2-6に示す。薬物含量50%の粒子を調製した際に、FP-83原液を用いた場合、凝集は認められな
かったが、薬物は表面に溢れ、薬物が含まれない粒子も存在し、不均一であった。原液を用いた
a) b) c) 























Added amount of FP-83 solution 
100% solution 50% solution 20% solution 
FP-83-FR (50%) 1 g 0.9 mL 1.8 mL 4.5 mL 
FP-83-FR (30%) 1 g 0.35 mL 0.7 mL 1.75 mL 
FP-83-FR (10%) 1 g 0.1 mL 0.2 mL 0.5 mL 
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Fig. 2-4 SEM photos of FR containing 30% FP-83 [ (A) added FP-83 solution (100%), (B) added FP-83 
solution (50%), (C) added FP-83 solution (20%) 
 
 
Fig. 2-5 SEM photos of FR containing 10% FP-83 [ (A) added FP-83 solution (100%), (B) added FP-83 
solution (50%), (C) added FP-83 solution (20%) 
A) B) C) 
A) B) C) 
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Fig. 2-6 SEM photos of FR containing 50% FP-83 [ (A) added FP-83 solution (100%), (B) added FP-83 
solution (50%), (C) added FP-83 solution (20%) 
 














A) B) C) 






Table 2-3 LVFX content in prepared LVFX absorbed FR 
Sapmple FR amount LVFX amount LVFX content 
LVFX-FR ×1 1 g 0.4 g 28.6% 
LVFX-FR ×3 1 g 1.2 g 54.5% 
LVFX-FR ×6 1 g 2.4 g 70.6% 
 
 
Fig. 2-7 SEM photos of FR containing various amount of LVFX [ (A) 28.6%, (B) 54.5%, (C) 70.6%] 
 











(A) (B) (C) 





Table 2-4 ITCZ content in prepared ITCZ absorbed FR 
Sapmple FR amount 
% of ITCZ solution and 
adding number 
ITCZ content 
ITCZ –FR(28.6%) 1 g 10% × 1 28.6% 
ITCZ –FR(44.4%) 1 g 20% × 1 44.4% 
ITCZ –FR(61.5%) 1 g 20% × 2 61.5% 
 
 
Fig. 2-8 Scanning electron micrographs of ITCZ-FR; (A) FR, (B) ITCZ-FR (44.4% drug-loaded), (C) 
ITCZ-FR (61.5% drug-loaded). 
 
 
Fig. 2-9 Specific surface area of ITCZ-FR containing various amount of drug 
 
  
(A) (B) (C) 
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Fig. 2-10 Scanning electron micrographs of ITCZ-Neusilin and ITCZ-Sylysia particles; (A) Neusilin, (B) 




Fig. 2-11 Change in the specific surface area of porous carriers after ITCZ loading. 
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第 3 章 多孔性粒子を担体とした難溶性薬物含有固体分散体様粒子の設計 
 












































Fig. 3-1 pXRD patterns of ITCZ and various powder samples prepared with FR, Neusilin, and Sylisia. 
(A)(a)ITCZ, (b) physical mixture of FR and ITCZ, (c) FR-ITCZ, (d) FR, (B) (a) ITCZ, (b) 
physical mixture of Neusilin and ITCZ, (c) Neusilin -ITCZ, (d) Neusilin, (C) (a) ITCZ, (b) 
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Fig. 3-2 DSC thermograms of ITCZ and various powder samples prepared with FR, Neusilin, and 
Sylisia. 
(A)(a)ITCZ-FR, (b) physical mixture of FR and ITCZ, (c) ITCZ, (B) (a) ITCZ-Neu, (b) 
physical mixture of Neusilin and ITCZ, (c) ITCZ, (C) (a) ITCZ-Syl, (b) physical mixture of 





























    
Fig. 3-3 FT-IR spectra of FR, ITCZ and ITCZ-FR 
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Fig. 3-4 FT-IR spectra of Neu, ITCZ and ITCZ-Neu 
(a) Neu, (b) ITCZ-Neu (44.4%), (c)physical mixture of Neu and ITCZ (44.4%), (d) ITCZ 
 
     
Fig. 3-5 FT-IR spectra of Syl , ITCZ and ITCZ-Syl 


































Fig. 3-6 Dissolution behavior of ITCZ in various solid dispersion system 
○: ITCZ-FR, □: ITCZ-Neu, △: ITCZ-Syl, ●: ITCZ crystal 
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Fig. 3-7 DSC thermograms of ITCZ adsorbed various powder samples stored under 40°C/75%RH 
condition 
(A)(a)ITCZ-FR stored for 6M, (b) ITCZ-FR(initial), (c) physical mixture of FR and ITCZ,  
(B) (a)ITCZ-Neu stored for 6M, (b) ITCZ-Neu(initial), (c) physical mixture of Neu and ITCZ,  
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Fig. 3-8 PXRD patterns of ITCZ and various powder samples stored under 40°C/75%RH condition 
(A)(a) physical mixture of FR and ITCZ, (b) ITCZ-FR (initial), (c) ITCZ-FR stored for 6M,  
(B) (a) physical mixture of Neu and ITCZ, (b) ITCZ-Neu (initial), (c) ITCZ-Neu stored for 6M,  
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Fig. 3-9 SEM photos of PS300 and ITCZ-PS300 (45.7% drug-loaded) 
(a) PS300, (b) ITCZ-PS300 
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Fig. 3-10 Dissolution behavior of ITCZ in ITCZ-PS300 
◇: ITCZ-PS300, ○: ITCZ-FR, ●: ITCZ crystal 
 




1） 調製した ITCZ-FR、ITCZ-Neu及び ITCZ-Sylはいずれも薬物と多孔性薬物担体が相互作用し、
薬物を非晶質状態で担持していると考えられた。さらに ITCZ-FR 及び ITCZ-Neu は ITCZ の
溶出性を著しく向上させることがわかった。 
2） 攪拌混合造粒装置を用いることで、固体分散体様粒子を効率的に製造することができ、得ら
れた粒子は ITCZ の高い溶出性を有することがわかった。 
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実験の部 








































































/t = [r γ cosθ / 2η]×[Vvoid ρ / lpowder]
2
  (3) 
この時、右辺は液体及び粉体試料並びにプローブへの粉体充塡条件の決定により定数となる。
理論的には、W(t)2は時間に比例し、直線部分の傾きKは次式(4)で与えられる。 
K = [r γ cosθ / 2η]×[Vvoid ρ / lpowder]
2





/t = K ×[Vvoid ρ / lpowder]
2
    (5) 
 
1-7 FR 圧縮品に対する吸液実験 
圧縮品の試料として、一定量の多孔性物質の粉末（FR：0.08 g、P-CaSiO3：0.5 g、Neu：0.15 g、
Syl：0.16 g）を打錠機（HT-AP-15SS-II、株式会社畑鐵工所製）で0.05 kNおよび2.0 kNの種々の圧
力下で圧縮し、直径10 mmの錠剤を作成した。作成した錠剤の高さを測定し、錠剤の見かけの体





1-8 FR 圧縮品の内部構造の確認（水銀圧入法） 
前項で調製した異なるサイズのFR圧縮品につき、水銀ポロシメーター(9305 pore sizer, 島津製
作所製）により、細孔容積及び細孔分布を求めた。測定圧は0.008–227.5 MPaとし、0.06 μmから17 
μmの細孔径を測定し、累積水銀圧入量から細孔容積を求めた。 
 





Temperature   : 77 K 
First relative pressure  : 0.4 P/P0 
Last relative pressure  : 1.0 P/P0 
Calculation of specific surface area : BET method 
Mesopore analysis  : BJH method 
 





Pharmaceutical Co., Ltd.、LVFX）、難水溶性のモデル薬物としてイトラコナゾール（Hanmi Pharm. 
Co.,Ltd、ITCZ）を用いた。溶媒であるエタノールは日局グレード、ジクロロメタンは試薬特級グ




2-2 FR への BB 溶液の吸液及び乾燥条件の検討 
1 gのFRに対し、パドル150 rpm攪拌下、4 mLのBB水溶液又はエタノール溶液を滴下した後、更
に5分間攪拌した。その後60℃にて、常圧又は減圧条件で乾燥し、目視にて色素の分布を評価した。 
 























1 gの多孔性薬物担体に対し、パドル150 rpm攪拌下、Table 2-4に示す条件で調製した薬物溶液4 













Temperature   : 77 K 
First relative pressure  : 0.4 P/P0 
Last relative pressure  : 1.0 P/P0 
Calculation of specific surface area : BET method 
Mesopore analysis  : BJH method 
 







3-2 ITCZ 担持粒子の調製 
3-2-1 ITCZ 溶液の調製 
ITCZをジクロロメタンに溶解し、ITCZ濃度が20%の液を調製した。 
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3-3-1 粉末 X 線回折測定 
調製した試料につき、粉末X線回折装置（RINT2200UltimaII/PC、リガク）を用いて、日局 一


























3-4-1 ITCZ 溶液の調製 
ITCZをジクロロメタンに溶解し、ITCZ濃度が20%の液を調製した。 
 
3-4-2 ITCZ 担持粒子の製造 
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略語表 












 RE PS-300 
P-CaSiO3 non-porous calcium silicate 
FP-83 Flurbiprofen axetil 








ITCZ-FR itraconazole absorbed Florite
®
 RE 
ITCZ-Neu itraconazole absorbed Neusilin
®
 US2 
ITCZ-Syl itraconazole absorbed Sylysia
®
 320 
ITCZ-PS300 itraconazole absorbed Florite
®




BB Brilliant Blue 
SEM Scanning Electron Microscope 
PR Permeation Rate 
pXRD powder X Ray Diffraction 
DSC Differential Scanning Calorimetry 
FT-IR Fourier Transform Infrared Spectroscopy 
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